Given objectives set by countries to realize energy-savings and decrease greenhouse gas emissions, an understanding of the main factors driving household energy consumption is crucial for the formulation of efficient policy measures. Our objective is to identify the main determinants of households energy consumption. The model incorporates a discrete/continuous decision framework, which allows for interactions between decisions on the heating system (the discrete choice) and decisions on the consumption of energy (the continuous choice). We have three main contributions.
Introduction:
There is a growing interest in reducing energy consumption and associated greenhouse gas emissions. Following the 2009 United Nations Climate Change Conference (including the major emerging countries, the United States and Europe), several countries have pledged to reduce their greenhouse gas emissions. The United States committed to decrease its greenhouse gas emissions by 17% below 2005 levels by the end of this decade and Europe to cut it by 20% by 2020 compared to 1990. A great effort is required to reach these objectives. One of the most important energy consumer in these countries is the residential sector, which accounts for around onequarter of the total energy consumption (Odyssee, 2013; IAE, 2013) . Therefore, to design adequate energy policies and achieve a low carbon society, an in-depth understanding of residential energy consumption is needed. Indeed, a measure will be efficient only if households are sensitive to it. Consequently, we need to understand households behavior to decrease significantly energy consumption in residential sector. In this study, our objective is to identify the main determinants of households' energy consumption, taking into account five categories of variables, explored in the literature: types of fuel used, energy prices, technical buildings properties, climate areas and households characteristics. Our main contributions are first, to investigate the ability of household socio-demographic characteristics to explain energy consumption per squared meter compared to that of the technical properties of the dwelling and of the climatic specificities of the surrounding area. This means we estimate the contribution of the different categories of variables to explain households' energy consumption. Second, we identify some of the main sources of energy conservation in the housing sector. Third, we propose an estimation of the price-elasticity and income elasticity of energy consumption by squared meter. The objective is to determine what should be the target of environmental policies.
We focus on French households' energy consumption. Several environmental policies have been introduced in France to encourage households to undertake energy-saving investment (as a tax credit or a subsidy). We have to study the determinant of energy consumption to determine if these kinds of policies are appropriate to decrease energy consumption. Moreover, literature on French energy consumption is sparse. This is related to the lack of French energy consumption data. To our knowledge, studies using French data focus on electric heating (Cayla et al. 2010 ) and on the part of income devoted to energy consumption (Cayla et al. 2011 ). Our objective is to gain greater insight into the determinants of energy consumption in France by taking into account several heating systems, including collective heating. We use 2006 Enquête Logement, a disaggregated, household-level survey data set representative of the French residential sector. It provides large information on households and building characteristics. It also allows calculating the final energy consumption by kWh/m 2 for each household. We estimate energy consumption conditional to the heating system, using a discrete-continuous methodological framework, and we find that households' socio-demographic characteristics play a weak part in explaining the intensity of energy used. Energy consumption is largely determined by dwelling quality and energy prices. In particular, it appears that the replacement of collective heating systems by individual one can help to significantly decrease energy consumption in residential sector. To be efficient, an environmental policy has to encourage households to renovate and adopt energy efficient equipment.
Section 2 reviews the literature on the determinant of energy consumption and section 3 presents the data. Section 4 focuses on the discrete/continuous model, and the results are presented in section 5. We discuss the implications of results and conclude in section 6.
Literature:
We identify five groups of variables explaining energy consumption in the literature:
energy prices, technical buildings properties, climate areas and households characteristics and the role of appliances or of types of fuel used.
Energy prices
Most literature have focused on the impact of energy prices on energy consumption (Parti and Parti, 1980; Dubin and McFadden, 1984; Baker et al., 1989; Branch, 1993; Bernard et al., 1996; Nesbakken, 1999 Nesbakken, , 2001 Halvorsen et al., 2001; Labandeira et al., 2006) . There is a considerable variation in estimates of energy price elasticities, ranging in absolute values from 0.20 to 1.14 for own-price elasticity of electricity, and from 0.04 to 1.6 for own-price elasticity of natural gas. The own-price elasticity of fuel oil has rarely been estimated: the estimate obtained by Newell and Pizer (2008) in the commercial sector is particularly high, reaching 2.95 (see table 1 ). 
Technical properties of dwelling:
Also, a large attention has been paid to the impact of the technical properties of a housing (insulation, year of construction, building materials, design of the building) on energy consumption. Newer buildings tend to consume less energy (Santin et al., 2009; Rehdanz, 2007; Vaage, 2000) and this lead Leth-Petersen and Togeby (2001) Santin et al. (2009) show that the insulated surfaces has a negative effect on energy consumption, Sardianou (2008) find no evidence of the impact of thermal quality of the building. Also, the latter finds no significant impact of housing type (detached or non detached houses), whereas it is an important explanatory variable for Nesbakken (2001) or Vaage (2000) .
Climate areas
Climate data such as average outside temperatures are generally taken into account in empirical studies and have a significant impact on energy consumption (Nesbakken, 1999; Meier and Rehdanz, 2010; Vaage, 2000) .
Income and households' characteristics
With the exception of income, household characteristics have received less attention in the literature. Income-elasticity is estimated to be very low at less than 0.23 (Branch, 1993) and several studies find an income-elasticity lower than 0.1 (Dubin and McFadden, 1984; Nesbakken, 2001 and 1999) . Energy consumption is weakly responsive to an increase of income (see table 1 ). Moreover, to our knowledge, Cayla et al (2010) and Cayla et al. (2011) are the sole studies using micro-data to explore energy consumption in the French residential sector. They focus on electric heating (Cayla et al. 2010 ) and on the part of income devoted to energy consumption (Cayla et al. 2011) . They underscore the role of household income: households with lowest income are not in a position to make investments in higher performing equipment.
Some other socio-demographic variables are studied in the literature. The age of the reference person and the household size have a positive impact on the energy consumption ceteris paribus (Meier and Rehdanz, 2010; Santin et al., 2009 ). The effect of tenure is indeterminate. Some studies find that owner tend to consume more energy than tenant (Sardianou, 2008; Vaage, 2000) , other find an opposite result (Rehdanz; 2007) or no significant effect (Meier and Rehdanz, 2010) .
It is noteworthy that very few studies exploit data on actual household behaviour (inside temperature, use of bath or shower, number of hours of presence at home, individual strategies to reduce energy costs…) or preferences regarding comfort.
However, Vringer et al. (2007) find no relation between the total household energy requirement and their value patterns or problem perception of climate change.
Appliances or fuel used
Energy consumption is embedded in a complex system. Indeed, energy provides utility not directly but indirectly through the use of a stock of appliances. Therefore, energy consumption has to be studied conditionally to the stock of appliances. In most papers, only the heating system is taken into account (Bernard et al., 1996; Nesbakken, 1999 Nesbakken, , 2001 Vaage, 2000) . Dubin and McFadden (1984) for example, consider only the space and water heating fuel choice, treating other appliances owned by the household as exogenous. This is not too restrictive given the large weight of heating in households' energy consumption.
Some papers focus in a first step on the heating system and explain this choice by most of the variables explaining energy consumption (as households and buildings characteristics, climate areas) and by variables explaining only the choice of heating system as the availability of fuel and relative utilisation costs (Nesbakken, 1999 (Nesbakken, , 2001 Vaage, 2000; Newell and Pizer, 2008; Braun, 2010) . Vaage (2000) shows with
Norwegian data that the probability of choosing electricity as only fuel for heating increase with the income, and this fuel for heating system is more often chosen in flats and new buildings. Moreover, households that only have electric heaters use far less energy than households using other heating systems (Nesbakken, 1999) .
Our objective is to determine the weight of each category of variable to explain energy consumption. The main determinant of energy consumption in the literature are summarize in the following chart. HS Dummies: collective heating system with gas or fuel, individual system with electricity, individual system with gas, individual system with fuel 4. Price of energy P Average energy price: weighted average of different fuel prices; weights depending on the specific mix of fuels used by each household. 5. Household sociodemographic variables
SDH

Demographic characteristics
Nb of persons in the dwelling, age of household member answering the questions in the survey Occupancy statute Dummies: own, renter, social-rent, private rent, free housed Educational level of household member answering the questionnaire Dummies: without certificate, less than baccalaureate, baccalaureate, more than baccalaureate.
Income
Monthly income per consumption unit
Main features of the French housing sector
The residential park is split into two broad categories (houses and flats). The following figures present the main characteristics of these two different residential categories. Globally, nearly 90% of French dwellings are heated with one of the three main fuels:
electricity (31%), natural gas (38%), and fuel oil (20%). However, the fuel used differs according to the dwelling type. For houses, 35% of households use an electric heater, 31% a natural gas heater, and 25% an oil heater. For collective residential buildings, 47% use a natural gas heater, 30% an electric heater and 13% an oil heater.
A particularity in France is the existence of collective heating, several households living in the same block of flats and sharing the same heating system. However, a majority (53%) of households living in flats use an individual heating system. For the remainder, in the absence of individual meters, the relation between their own energy consumption and their actual energy expenditures may be particularly unclear (Levinson and Niemann, 2004) .
As the characteristics of houses and flats are significantly different, we study the energy consumption separately for these two types of housing. Moreover, as nearly 90% of French households use oil, electricity or natural gas, we focus our analysis on these three fuel types (see Table 1 ). Households, which mainly use wood, coal or a district service for heating, have therefore been excluded. Crossing the category of dwelling with the type of heating system, we obtained 6 different segments (Table 3) . 
Energy consumption
To conduct this study we need to know household energy consumption by kWh/m 2 .
We can calculate it on the basis of energy expenditures provided by the Enquête Logement. This survey gives information on the total expenditure of each household in each fuel (regrouping expenditures for heating, cooling, lighting and other uses of appliances) over the preceding 12 months. Combining this information with the energy prices by kW/h, we are able to compute household energy consumption. Prices of natural gas, electricity, oil, wood, district service and coal come from the external source: Ministère de l'économie, des finances et de l'industrie. There is no regional difference in energy prices in France. However the prices of electricity and natural gas depend on the use of the fuel (heating, cooking, warm water) and the size of the housing. We take into account these characteristics to determine the unit price by kW/h of each fuel and for each household 1 and then calculate their total energy consumption. This step of the work was particularly tricky and led us to eliminate a significant part of the sample, particularly households using collective heating systems. About 44% of households using this type of heating system were unable to It is noteworthy that households equipped with an electric heater consume significantly less energy compared to those heating with other fuels. The difference in energy consumption per m² between users of electric and oil heat is particularly striking for households living in houses.
Interestingly, in flats, households using a collective heating system register significantly higher energy consumption on average than those using an individual heating system. This can be explained by both the higher level of energy used when the energy is a public good (the incentive to reduce consumption is weak) and the difference of energy type used (mainly gas and fuel oil). Concerning the first explanation, Levinson and Niemann (2004) showed on American data that energy consumption is generally higher when tenants do not face the marginal cost of their own energy use. That is the case when collective heating is not associated with individual metering or when a household cannot modulate the temperature of its own flat, which is a common situation in France in flats heated by a collective heating system. That is also the case when energy costs are included in the monthly rent. In these situations, tenants have little incentive to use energy efficiently. Maruejols and Young (2011) show that split incentives result from bill-paying arrangements.
Households who do not pay directly for their heat but instead have these costs included in their rent or condo fees opt for a higher thermal comfort. 
Method
According to the previous section, the energy consumption for residential needs (heating, cooking, cooling, lighting, use of appliances) ranges from 146 kWh/m² to 239 kWh/m² according to dwelling type and heating fuel type. To better understand this variance, we examined the main determinants of energy consumption per m² and the main contribution of each variable category to explain energy consumption per m². We estimate energy consumption separately for flats and houses, given the different characteristics between these two kinds of dwelling.
Methodology issues
Techniques used to model residential energy consumption can be grouped broadly into two main categories: ''top-down'' and ''bottom-up'' models. The top-down approach considers the residential sector as a whole and does not consider energy consumption broken down into individual uses. The bottom-up approach encompasses all models which use input data. A precise review of these techniques can be found in Swan and Ugursal (2009) and Zagamé (2008) . As we want to estimate energy consumption we focus on the latest approach. The explained variable is the final energy consumption in kWh/ m², defined as the sum of all energy consumption for all types of fuels used for residential purposes in a dwelling (use of appliances, heating, cooling, cooking and lighting). We observe only one year therefore we cannot control for unobserved heterogeneity. Moreover, we face to two potential problems of endogeneity. The first one is related to the stock of appliances or the heating system and the second one is related to energy prices.
Households do not consume energy for itself but energy provides utility indirectly through the use of heating system, lighting or appliances. The process of energy consumption could be described as a two-steps process. First, households choose their heating system or their stock of appliances. Second, they decide how energy to consume given the available technology (relating to the inside temperature for example). This lead to a potential endogenous problem of the stock of appliances and we have to take into account it to obtain unbiased results. Two general methodological frameworks are employed to estimate residential energy consumption:
conditional demand analysis and discrete-continuous choice analysis. The first methodology estimates energy consumption conditional on a given stock of appliances (Baker et al., 1989; Branch, 1993; Larsen and Nesbakken, 2004) . This approach was proposed by Parti and Parti (1980) , who disaggregated the total household consumption for electricity into a set of component demand functions for electricity usage in 16 appliance categories. It was then used in several studies (LethPetersen and Togeby, 2001; Rehdanz, 2007; Meier and Rehdanz, 2010) They focus only on the continuous energy consumption, without taking into account possible changes in equipment stock. Moreover, this approach requires a dataset with information on the ownership of a variety of appliances (Swan and Ugursal, 2009 ).
The second modelling methodology uses discrete and continuous choice analysis. An assumption of this framework is that, due to this dependency on appliance use, elasticities should not be estimated exclusively on the basis of one energy equation, but also on the choice of fuels for heating, cooling, and the stock of other appliances.
It is common in the literature that the demand for appliances using energy and the demand for energy itself caused by the use of these appliances are assessed in different steps. In a first step the probability to use a specific heating system for example is estimated, and in a second step the energy consumption is analysed, introducing as explanatory variable the estimated probability of using the specific heating system. The joint discrete-continuous decision framework allows taking into account interrelation between the choice of appliances and the choice of intensity of energy used. This two-stage model is largely used in the literature to correct endogeneity of discrete variable (Heckman and Robb, 1985) . Dubin and McFadden (1984) are the first to apply this approach to estimation of residential energy consumption. They use U.S. household data to simultaneously model the choice of appliances and the energy consumption. This allows avoiding the potential endogeneity bias resulting from unobserved factors that influence both appliance choice and its intensity of use. This approach was then used by many authors (Baker and Blundell, 1991; Bernard et al., 1996; Nesbakken, 1999; Vaage, 2000; Nesbakken, 2001; Newell and Pizer, 2008) . We focus in this paper on the second approach.
Moreover, one of our objectives is to estimate price elasticity. We introduced as explanatory variable in the second step the average energy price (calculated as the weighted average of different fuel prices, weights depending on the specific mix of fuels used by each household). To tackle this potential problem, we use instrumental variable to estimate the energy consumption choice.
Model
We focus on a discrete-continuous model, based on the common hypothesis that there is a relationship between a heating technology and the intensity of use of the technology. In the first stage of our model, decisions regarding space-heating systems are modelled with a multinomial probit. This is the "heating system choice". Due to data limitations in the 2006 Enquête Logement, we can only examine heating system choices and we have to ignore appliances and energy consumption due to cooking and light. However, given the considerable weight of heating expenditures in French households' total residential energy expenditures, which is assessed at about 70% of total energy consumption by INSEE, one may consider that this restriction does not prevent to set insights. Moreover, it is noteworthy that in most papers, the choice of heating system is estimated in the first step and the total energy consumption in the second step (Bernard et al., 1996; Nesbakken, 1999 Nesbakken, , 2001 Vaage, 2000) . Therefore, we estimate the probability that the household choose one of the three mutually exclusive type of heating system: (i) individual system with electricity, (ii) individual system with gas (iii) collective heating system with gas or fuel, in the flat sector. In the house sector, all houses have an individual heating system, households have to choose between three types of fuel for their main heating system: (i) electricity, (ii) natural gas, (iii) oil. As we saw previously, the choice of heating system (HS) is commonly explained by the same variables that explain energy consumption, this means the technical properties of the dwelling (DW), climate area (CL), sociodemographics characteristics (SDH). Moreover, some variables are found in the literature to explain exclusively the discrete choice, as the availability of fuel in the area (Nesbakken, 1999 (Nesbakken, , 2001 Vaage, 2000; Newell and Pizer, 2008; Braun, 2010) . Therefore, we include as explanatory variables the dwelling localization (downtown, suburbs, rural area) this allows for example taking into account the fact that city gas is not available in rural area. We also add a dummy equal to one if the flat or the house is a co-ownership. In this case, the household is not the only one to choose the heating system. These variables are grouped in the vector Z.
Conditional on this previous choice, a household then decides how much energy to consume. Therefore, in the second stage, energy consumption (the logarithm of the energy consumption in kWh/m²) conditional on the chosen heating system then is estimated. This is the "energy consumption choice". Estimate jointly the both choices allow capturing the potential correlation between unobservable variables in the discrete and the continuous stages. We estimate it using double least squares model, which allows correcting endogeneity issue of energy prices, and we use as instruments previous energy prices. The validity of these instruments is presented in appendix table A.4. Also, a bootstrap correction is applied in the second step to eliminate a potential estimation bias due to the methodology in two steps (Murphy and Topel, 1985) . Moreover, we introduced multiplicative variables to correct collinearity problems.
We want to compare the ability of a household's socio-demographic characteristics (SDH) and the energy price (P) to explain energy consumption per m² with those of the technical properties of the dwelling (DW), heating system (HS), and climatic specificities of the area (CL). First, we estimate a complete model, including all the previously described variables. This complete model estimates the logarithm of energy consumption per m² in dwelling i belonging to housing category k (flat or house). We introduced the predicted heating system ( S Ĥ ). (ii) Technological model:
The eco-technological model is the technological model with the average price (P).
(iii) Eco-technological model:
The socio-demographic model assesses the energy consumption by the household characteristics only (SDH).
(iv) Socio-demographic model:
Results
Households characteristics vs. housings technical properties
Results of the first step are available in appendix (table A. It appears that among the technical properties, the size of the dwelling has a negative impact on energy consumption per m² (see table 6 below and table A.5 in appendix).
Moreover, flats with a better exposure and the more recent construction (built after 1975) have lower energy consumption. In contrast, in houses an unconverted cellar or attic, a veranda or a detached house rather than an attached one tend to increase energy consumption.
Concerning insulation characteristics, double-glazing reduces energy consumption on average in flats, but the effect is less pronounced in the more recently constructed segment. However, the impact of double-glazing is no significant for houses ceteris paribus, except for houses built between 1975 and 1989 (relative to those built before 1948). This surprising result may be due to the "rebound effect". Such an effect appears when investment in a new technology such as double-glazing could entail a change in household behaviour (increase of temperature target, for instance) which at least partially offsets the beneficial effects of the technology. In a large survey, Greening et al. (2000) found that a 100% increase in energy efficiency led to an estimated rebound of 0 to 50% for residential end uses. In houses, the quality of roof insulation is more efficient to reduce energy consumption than double-glazing. Also, heating system plays an important role. The energy consumption per m² is lower in a dwelling heated by electricity than in a dwelling heated by fuel oil, ceteris paribus. There is also a significant difference in consumption per m² between a dwelling heated by natural gas and one heated by electricity but only in flats.
Moreover in the flats sector, there is a strong effect of collective heating on energy consumption. Buildings equipped with a central heater (either natural gas or oil) have significantly higher consumption than those equipped with an individual heater (either natural gas or electricity) ceteris paribus. This is in the line of the result of Santin et al. (2009) who show that in dwelling where heating is included in the rent, more energy is used.
Climate dummies conformed to expectation. The quantity of energy consumed is significantly lower in the areas with a warmer climate: oceanic and mediterranean compared to mountain areas. In contrast, energy consumption is the highest in the semi-continental areas. This confirms the result of Nesbakken (1999) and Meier and Rehdanz (2010) .
Price-elasticity in absolute value is equal to 0.46 in houses and 0.86 in flats. With cross-section data, this means that households facing higher average energy prices consume less energy than others. Moreover, the higher price-elasticity in flats means that households living in this kind of dwellings are more responsive to the price of energy. These results are in the range of estimates reported in Table 1 . In the literature, there is a considerable variation in estimates of energy price elasticities, ranging in absolute value from 0.04 to 1.6 for the residential sector. Income-elasticity is quite low (0.02) in houses and no significant in flats, which is similar to the average estimates obtained in other studies using household micro-data (see Table 1 ). In most studies, income-elasticity is estimated to be less than 0.15.
Energy consumption is a normal good, but remains weakly responsive to an increase of income per consumption unit.
Among other socio-demographic characteristics, the age of the head of household and the number of persons living in the dwelling increase the intensity of energy used per m². Households in which there are people who stay at home consume more energy per m² than households whose members are employed and work outside the home (this effect is captured by the presence of professional rooms in houses and the type of employment in flats: unemployed or homemakers). Education level is only significant for flats where more educated people consume less energy than less educated ones.
Finally, tenants consume more energy that homeowners. Owners have a significantly higher energy consumption compared to tenants occupying private and subsidized housing.
Policy implication
The main policy implication of these results is that France only can reach its objective to reduce energy consumption and associated CO² emissions by adopting as a very ambitious policy of building renovation or introducing supplementary taxes on energy prices.
As we saw, households' characteristics play a weak part in energy consumption in explaining energy consumption. The number of household members, their income per consumption unit, their education, presence at home, tenancy status and the age of the head of the household are broadly significant, but these variables are unable to explain more than 4.5% of variance in the intensity of energy used. This means that in the short run, the possibility for a given household in a given dwelling to reduce its energy consumption is extremely weak in the absence of investment in the quality of the lodging. Almost all of the explained variance is attributed to the quality of the dwelling (insulation, double-glazing, exposure, quality of the roof, etc…), the type of heating technology, and climate dummies. Given the low turnover rate of housing stock, the main challenge is to encourage households to renovate their dwellings.
Results allow identifying some of the main sources of energy conservation in the French housing sector. Collective heating system is not energy efficient and the installation of individual metering or the replacement of collective systems by individual heating systems could be helpful to decrease energy consumption in collective housing blocks (reference récente à intégrer sur le sujet). Moreover, roof insulation renovations are more efficient to save energy than installation of doubleglazing in houses. Environmental policies should be targeting these kinds of renovations to have a significant effect on energy consumption.
Moreover, in the short run, households are responsive to an increase of their average energy price. This means that France could significantly decrease energy consumption through taxes on energy prices. (reference à intégrer : votre papier avec Dorothée ???).The problem is such a measure affects primarily the poorest people and it raises the issue of energy poverty, but they could be redistributed to fund other environmental policies, as subsidies.
Conclusion
The residential energy consumption of French households, conditional on their heating system, has been estimated in this study using a micro data-set. Households face a two-stage decision process when determining their energy consumption. They choose which energy to use for their heating system. Conditional on this first step, households then determine how much energy to use in a second step. We estimated energy consumption for two different types of dwellings: houses and flats. We The first result of the paper is that energy consumption is almost completely determined by technical properties of dwelling, the type of heating technology, and climate dummies. In the short run, without large investments in insulation and in new types of energy-efficient appliances, changes in energy consumption will be weak.
The second contribution is to identify some of the main sources of energy conservation. It appears that in addition to standard measures such as roof insulation and the improvement of exposure in new buildings, the replacement of collective systems by individual heating systems will be efficient to improve buildings energy efficient. In contrast, the effect of double-glazing is surprisingly ambiguous, which raises the possibility of the existence of a "rebound effect" problem. The third contribution of this study is to propose an estimation of the price-elasticity and of the income-elasticity of energy consumption per m², an issue which is not very well Given these results, we can conclude that the challenge for environmental policies is to encourage households to undertake renovation in their dwelling. This is the role of some French environmental policies as a tax credit dedicated to sustainable development, a zero-rate bank loan or a subsidy. It will be interesting to study the effectiveness of these policies. 
APPENDIX:
